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(57) ABSTRACT

An adaptive modulation and coding method includes select-
ing punctured Physical Resource Blocks (PRBs) to transmit
downlink data for User Equipment (UE); determining Trans-
port Block Size (TBS) and number of punctured PRB pairs
for transmission to the UE based on the carried service;
scheduling downlink data for the UE based on determined
TBS, and transmitting the number of used punctured PRB
pairs and a Modulation and Coding Scheme (MCS) sequence
number to the UE; and the UE converting number of the
punctured PRB pairs to number of normal PRB pairs, deter-
mining modulation scheme and TBS sequence number based
on the MCS sequence number, and determining TBS of the
downlink data based on number of normal PRB pairs and
TBS sequence number.

22 Claims, 9 Drawing Sheets
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the NodeB selects specific service subframes to
transmit downlink data for the UE based on matters
such as transmission quality

the NodeB determines the size of TBS and the number
. of punctured PRB pairs to be transmitted based on the
carried service

Set3

i the NodeB schedules the downhnk data for the UE

i based on the determined size of TBS, and schedules fo
¢ the UE the punctured PRB pairs wi th the determined
number in the schedule signalling

, S604
i the UE receives the downlmk data transmitted from the :
; NodeB, and obtains the MCS sequence number
¢ indicated by the schedule signalling and the number of ...
; punctured PRB pairs in the schedule signalling
SH605
the UE performs reverse conversion on the obtained
number of punctured PRB pairs, and determines the |
corresponding number of normal PRB pairs

5606

¥
the UE determines the modulation scheme and the TBS
sequence number based on the MCS sequence number,
and then inquires the TBS table to determine the TBS o
based on the TBS sequence number and the converted
number of the normal PRB pairs

Fig. 6
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the NodeB selects general service frame and specific
service frame to transmit downlink data for the UE

4
the NodeB determines the TBS and the number of total
PRB pairs for transmission to the UE based on the
carried service, the number of total PRB pairs being the

summation of the number of the scheduled normal PRB
pairs and the number of the scheduled punctured PRB
pairs

4

 the NodeB schedules the downlink data for the UE based |

i onthe determined TBS, and sends the number of the |
i totally used PRB pairs, MCS sequence number and the -
relative system information to the UE 5

the UE calculates the total resource quantity according to

the number of the total PRB pairs and the situation of

respective punctured PRBs

3

! the UE calculates the number of normal PRB pairs after

! conversion according to the total resource quantity, and

i determines the TBS of downlink data based on the

! caleulated number of normal PRB pairs after conversion

; and the TBS sequence number based on the MCS
sequence number
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METHOD, SYSTEM AND DEVICE FOR
ADAPTIVE MODULATION AND CODING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Divisional Application of U.S. appli-
cation Ser. No. 13/056,890, filed Sep. 26, 2011, which is a
National Stage application of International Application No.
PCT/CN2009/073008, filed Jul. 30, 2009, which claims ben-
efit to Chinese Application No. 200810117462.6, filed Jul.
30, 2008, and Chinese Application No. 200910083116.5,
filed Apr. 30, 2009, which are incorporated by reference
herein in their entirety.

FIELD

The invention relates to the domain of mobile communi-
cation technology, in particular to a method, a system and a
device for an adaptive modulation and coding.

BACKGROUND

The Third Generation Wireless Communication (3G) sys-
tem utilizes CDMA (Code-Division Multiple Access) mode,
supports multimedia services, and will have higher competi-
tive ability for the coming several years. However, the 3GPP
(Third Generation Partnership Project) started the research
project of LTE (Long Term Evolution) for 3G wireless inter-
face technology in order to keep this competitive ability for a
longer time in the future. And AMC (Adaptive Modulation
and Coding) technology has become one of key technologies
of LTE.

AMC (Adaptive Modulation and Coding) technology is a
physical layer link adaptation technology which can compen-
sate the influence of fading on the signal reception due to
channel variation by means of adaptively adjusting the modu-
lation and coding mode of transmitting data, so as to improve
the signal-to-noise ratio performance of the signal. AMC is
realized as follows: the system establishes a Modulation and
Coding Scheme (MCS) of transmission according to the
physical layer ability and the channel quality, the MCS
including parameters, such as the coding rate and modulation
scheme for transmitting data, in which the system will choose
different transmission modulation scheme and/or channel
coding rate corresponding to the channel conditions to match
the variable channel condition. In order to better understand
the present invention, some basic technologies used in the
present invention will be briefly introduced.

Currently, it is ensured that the LTE system supports two
frame structures, namely a first type frame structure suitable
for FDD (Frequency Division Duplex) system, and a second
type frame structure suitable for TDD (Time Division
Duplex) system. For better understanding of the present
invention, the first and second type frame structure will be
simply illustrated hereafter.

As shown in FIG. 1, it is a schematic view of the first type
frame structure of FDD system in the prior art. The first type
wireless frame has a length of 10 ms and consists of 20 time
slots, each slot having a length of 0.5 ms, being denoted from
0 to 19. Two continuous time slots are defined as one sub-
frame, and the subframe i consists of time slot 2/ and 2i+1,
whereini=0, 1, ..., 9.

As shown in FIG. 2, it is a schematic view of the second
type frame structure of TDD system in the prior art. The
second type wireless frame also has a length of 10 ms and is
firstly split into two half-frames of 5 ms. Each half-frame is
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divided into five subframes of 1 ms. According to the specific
configuration of time slot proportion, subframe 1 and sub-
frame 6 may be configured as special service subframe and
consists of three special time slots (downlink pilot DwPTS,
guard interval GP and uplink pilot UpPTS). DWPTS, as well
as a general downlink subframe, can be used to carry down-
link service data.

In LTE (long term evolution) system, MCS is designed
based on PRB (Physical Resource Block) structure of general
subframe, and then AMC process is realized by means of
checking TBS (transport Block Size) table. Wherein, PRB is
a basic unit for resource scheduling of LTE. As shown in FIG.
3, it schematically illustrates PRB and RE in uplink time slot
in the prior art, to which PRB and RE in downlink time slot is
similar. Wherein, the minimum resource granularity deter-
mined by a time domain OFDM (Orthogonal Frequency Divi-
sion Multiplexing) symbol and frequency domain sub-carrier
is called RE (resource element). Currently, the normal PRB of
a general subframe is defined as a time-frequency resource
granularity with time domain 0f 0.5 ms and frequency domain
ot 180 kHz in the protocol, i.e., the time domain corresponds
to 7 OFDM symbols (for normal CP) or 6 OFDM symbols
(for extended CP) and the frequency domain corresponds to
one time-frequency resource granularity of 12 sub-carriers.

However, in LTE system, there may be some punctured
PRB resources in some special service subframe, such as
DwPTS in the special service subframe of TDD system (as
shown in FIG. 2), or punctured PRB owing to synchroniza-
tion channel, broadcast channel etc. The punctured PRB in
these special service subframes can be used to carry downlink
data as a normal PRB in general subframe. However, as the
existing TBS table is designed based on a normal PRB, most
of which can not be directly applied to the punctured PRB.

The disadvantage of the prior art is in that: most of options
are not adapted to the punctured PRB as the TBS table defined
by the existing protocol is designed based on the normal PRB.
If no amendment is made, then it will result in that it is
impossible for the punctured PRB to choose the optimum
transmission format according to channel quality, and the
efficiency of spectrum transmission will be lowered.

For further understanding of the above defects in the prior
art, AMC in the prior art will be briefly described as an
example. However, it should be known that the hereinafter
mentioned punctured PRB is only one instance in the prior art
instead of representing all instances of punctured PRB in the
prior art. Firstly, MCS design is implemented based on PRB
structure of general subframe. For the LTE system, service
channel now supports three modulation schemes of QPSK,
16QAM and 64QAM. These three modulation schemes coop-
erate with specific coding rate to obtain 29 MCSs, and 3
MCSs are reserved to impliedly map TBS and modulation
scheme during re-transmission, thereby there are 32 options
of MCS altogether, which can be indicated by 5 bits. The
system selects the optimum modulation scheme and channel
coding rate to transmit data according to the measurement
and prediction of channel, so as to realize the maximum
system throughput while ensuring a certain transmission
quality. The detailed indication for MCS can be conducted
with reference to the following table 1 and 2.

TABLE 1

list of the modulation scheme and TBS sequence number
corresponding to the MCS sequence number

MCS sequence modulation TBS sequence
number I, scheme Q,, number I5¢
0 2 0

1 2 1
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TABLE 1-continued TABLE 2-continued
list of the modulation scheme and TBS sequence number TBS table
corresponding to the MCS sequence number
Npg
MCS sequence modulation TBS sequence 5
number Iy, scheme Q,, number Iz Igs 1 2 3 4 5 6 7 8 9
2 2 2 15 280 600 904 1224 1544 1800 2152 2472 2728
3 2 3 16 320 632 968 1288 1608 1928 2280 2600 2984
4 2 4 17 336 696 1064 1416 1800 2152 2536 2856 3240
5 2 5 10 18 376 776 1160 1544 1992 2344 2792 3112 3624
6 2 6 19 408 840 1288 1736 2152 2600 2984 3496 3880
7 2 7 20 440 904 1384 1864 2344 2792 3240 3752 4136
8 2 8 21 488 1000 1480 1992 2472 2984 3496 4008 4584
9 2 9 22 520 1064 1608 2152 2664 3240 3752 4264 4776
10 4 9 23 552 1128 1736 2280 2856 3496 4008 4584 5160
11 4 10 s 24 584 1192 1800 2408 2084 3624 4264 4968 5544
12 4 11 25 616 1256 1864 2536 3112 3752 4392 5160 5736
13 4 12 26 648 1320 1992 2664 3368 4008 4584 5352 5992
14 4 13
15 4 14 ] ] ]
16 4 15 TBS table as shown in the above table 2 is designed based
17 6 15 5 On normal PRB of general service, wherein in order to allow
}g 2 }g for the factors such as the system overhead for controlling the
2 p 18 signalling and pilot as well as the extended and normal CP
1 6 19 etc., the protocol finally assigns 120 RE downlink to each
22 6 20 PRB-pair for carrying data, wherein 120 RE are equivalent to
23 6 21 10 OFDM symbols. Therefore table 2 is not suitable for the
24 6 22 25 punctured PRB, particularly when more symbols are punc-
;2 2 ;i tured. If a determination is made according to table 2, then it
57 6 55 will lead to deviation from the actually needed MCS, and
78 6 26 thereby resulting in decoding error of UE.
29 2 reserved The above defect will be illustrated by the way of
30 4 30 examples. It is assumed that UE obtains I,,~~14 and the
31 6 indicated number of PRB pair is 2 according to downlink
scheduling signalling. For general downlink subframe, the
Wherein, MCS indication information of 5 bits in the processing of UE is as follows: according to table 1, when
scheduling signalling indicates the sequence number I, . Lrsc5=14, looking up table 1 to find the corresponding modu-
According to Table 1, it can be obtained the specific modu- 3 lation scheme Q,~4, ie, 16QAM; th? sequence nun.lbe.:r
lation scheme as Q,, and the sequence number of TBS as 1. corresponding to Irz5—13; then according to table 2, it is
However, the specific TBS needs to be determined by I, in found that TBS=488. Therefore, the practical code rate is
combination with the number of occupied PRB N, The  generally: (488+24)/(120x4x2)=0.533, i.e., the practical
number of PRB N, can be obtained based on resource MCS is {16QAM, 0'533}'. .
indication information of the scheduling signalling, in which *° However, for DWPTS, it is as.sumed. Fhat DwPTS has a
the scheduling takes PRB-pair as basic granularity. After 1,5 length of 9 OFDM symbols, then in addition to the overhead
has been obtained according to table 1, it is also necessary to for controlling signalling, channel synchronization and pilot,
look up table 2 according to I s and the number of PRB N, the PRB in the DWPTS which can be used to carry data is
to obtain the final TBS. The size of table 2 is 27x110, but only approximately 5x12=60RE. NodeB (base station) will
the portion of N, from 1 to 9 is illustrated for the sake of 3 arrange 4 PRB pairs for this UE if it is required to ensure
clarity. identical transmission quality, that is, MCS needs to be
{16QAM, 0.533} as well and carries 488 data bits. However,
TABLE 2 UE looks up the TBS table based on I,,~=14 and N,,=4
which is indicated by signalling to obtain 1000 bits rather than
TBS table 50 488 bits in fact, this will leads to error operation of UE.
Or, during scheduling NodeB considers that actually 488
Nep bits are transmitted, then the value of TBS which is the most
Igs 1 2 3 4 5 6 7 8 9 approximate to 488, for example 472, is selected with
Nyzz=4. Now the corresponding I,,..~7. When NodeB
0 163256 8 120 152 176 200 232 55 determines the transmission by means of I,,.~7 and
1 24 48 88 120 160 200 232 272 304 A : .
2 32 73 120 160 200 248 296 336 376 Nprs=4, this will also result in error operation of UE as UE
3 40 104 152 208 272 320 392 440 504 will be considered as MCS={QPSK, 1.06} for DWPTS, rather
4 48 120 200 264 320 408 488 552 632 than MCS={16QAM, 0.533} which should be obtained.
2 3;5 Bé ;g; ;;g ;‘éi 283 g?g ggg ;;2 Therefore, for the punctured PRB pair in the above example,
7 104 232 320 477 ss4 712 840 968 1096 60 MCS {16QAM, 0.533} cannot be realized actually.
8 120 248 392 536 680 808 968 1096 1256
9 136 296 456 616 776 936 1096 1256 1416 SUMMARY
10 152 320 504 680 872 1032 1224 1384 1544
11 176 376 584 776 1000 1192 1384 1608 1800 h : : : 1 Ive the ab
12 208 440 680 004 1128 1352 1608 1800 2024 T ? present 1nV.ent10n. aimms to. at least s.o ye the above
13 232 488 744 1000 1256 1544 1800 2024 2280 65 technical defects, m partlcular using the existing MCS and
14 264 552 840 1128 1416 1736 1992 2280 2600 TBS table to improve spectrum efficiency during AMC by

using punctured PRB.
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For this purpose, as one aspect, the present invention pro-
poses an adaptive modulation and coding method, compris-
ing the following steps: the base station NodeB selects punc-
tured PRB for the User Equipment (UE) to transmit the
downlink data; the NodeB determines the Transport Block
Size (TBS) and the number of punctured PRB pairs for trans-
mission to the UE based on the carried service; the NodeB
schedules the downlink data for the UE based on the deter-
mined TBS, and transmits the number of the used punctured
PRB pairs and a Modulation and Coding Scheme (MCS)
sequence number to the UE; and the UE is used for receiving
the downlink data transmitted by the NodeB and the number
of the used punctured PRB pairs and the MCS sequence
number transmitted by the NodeB, and converting the number
of the punctured PRB pairs to the number of normal PRB
pairs, determining the modulation scheme and the TBS
sequence number based on the MCS sequence number, and
determining the TBS of the downlink data based based on the
number of the normal PRB pairs and the TBS sequence num-
ber.

As another aspect, the present invention also proposes a
NodeB, comprising a selection module, a scheduling param-
eter determination module, a scheduling module, wherein the
selection module is used for selecting punctured PRB for the
UE to transmit the downlink data; the scheduling parameter
determination module is used for determining a Transport
Block Size TBS and the number of punctured PRB pairs for
transmission to the UE based on the carried service; the
scheduling module is used for scheduling the downlink data
for the UE based on the determined TBS, and transmitting the
number of the used punctured PRB pairs and a MCS sequence
number to the UE.

The present invention further proposes a UE, comprising a
reception module, an indication information obtaining mod-
ule, a conversion module and a TBS determination module,
wherein the reception module is used for receiving the down-
link data transmitted through the punctured PRB from the
NodeB; the indication information obtaining module is used
for obtaining the MCS sequence number and the number of
the punctured PRB pairs indicated by the scheduling signal-
ling; the conversion module is used for converting the number
of the punctured PRB pairs to the number of normal PRB
pairs and the TBS determination module is used for deter-
mining the modulation scheme and the TBS sequence num-
ber based on the MCS sequence number, as well as determin-
ing the TBS of the downlink data based on the number of the
normal PRB pairs converted by the conversion module and
the TBS sequence number.

The present invention further proposes an adaptive modu-
lation and coding method, comprising the following steps: a
transmitting node selects punctured PRB and normal PRB to
transmit the downlink data; the transmitting node determines
the Transport Block Size (TBS) and the number of total PRB
pairs for transmission to the receiving node based on the
carried service, the number of total PRB pairs is the summa-
tion of the number of the scheduled normal PRB pairs and the
number of the scheduled punctured PRB pairs; the transmit-
ting node schedules the downlink data for the receiving node
based on the determined TBS, and transmits the number ofthe
total used PRB pairs, location information and a Modulation
and Coding Scheme (MCS) sequence number to the receiving
node; the receiving node calculates the number of total
resource based on the number of the total PRB pairs, location
information and situation of respective punctured PRBs; the
receiving node calculates the number normal PRB pairs after
conversion based on the number of total resource, determines
the TBS of the downlink data based on the calculated number
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6

of the normal PRB pairs after conversion and the TBS
sequence number determined by the MCS sequence number.

The present invention further proposes an adaptive modu-
lation and coding system, comprising a transmitting node and
at least one receiving node served by the transmitting node,
wherein the transmitting node is used for selecting punctured
PRBs and normal PRBs to transmit the downlink data, and
determining the Transport Block Size (TBS) and the number
of the total PRB pairs for transmission to the receiving node
based on the carried service, the number of the total PRB pairs
being the summation of the number of the scheduled normal
PRB pairs and the number of the scheduled punctured PRB
pairs, and scheduling the downlink data for the receiving node
based on the determined TBS, and transmitting the number of
the total used PRB pairs, location information and a MCS
sequence number to the receiving node; the receiving node is
used for calculating the number of total resource based on the
number of the total PRB pairs, the location information and
the situation of each punctured PRB, and calculating the
number normal PRB pairs after conversion based on the num-
ber of total resource, and determining the TBS of the down-
link data based on the calculated number of the normal PRB
pairs after conversion and the TBS sequence number deter-
mined by the MCS sequence number.

The present invention further proposes a transmitting node,
comprising a selection module, a scheduling parameter deter-
mination module, a scheduling module, wherein the selection
module is used for selecting punctured PRB and normal PRB
to transmit the downlink data; the scheduling parameter
determination module is used for determining the Transport
Block Size (TBS) and the number of the total PRB pairs for
transmission to the receiving node based on the carried ser-
vice, the number of the total PRB pairs being the summation
of the number of the scheduled normal PRB pairs and the
number of the scheduled punctured PRB pairs; the scheduling
module is used for scheduling the downlink data for the
receiving node based on the determined TBS, and transmit-
ting the number of the total used PRB pairs, location infor-
mation and a MCS sequence number to the receiving node.

The present invention further proposes a receiving node,
comprising a reception module, an indication information
obtaining module, a normal PRB pair-number calculation
module and a TBS determination module, wherein the recep-
tion module is used for receiving the downlink data transmit-
ted through the normal and punctured PRB by the transmit-
ting node; the indication information obtaining module is
used for obtaining the MCS sequence number and the number
of'the total PRB pairs indicated by the scheduling signalling,
the number of the total PRB pairs being the summation of the
number of the scheduled normal PRB pairs and the number of
the scheduled punctured PRB pairs; the normal PRB pair-
number calculation module is used for calculating the number
of the total resource based on the number of the total PRB
pairs and the situation of each punctured PRB, and calculat-
ing the number of the normal PRB pairs after conversion
based on the number of total resource; the TBS determination
module is used for determining the TBS of the downlink data
based on the calculated number of the normal PRB pairs after
conversion and the TBS sequence number determined by the
MCS sequence number.

The specific condition when downlink data are transmitted
with punctured PRBs may be performed in the present inven-
tion on the basis of utilizing the existing resources and adap-
tive processing of the general subframes by performing con-
version between the number of punctured PRBs and the
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number of normal PRBs in scheduling resource for the UE
with the NodeB, which may be implemented simply and
efficiently.

Additional aspects and advantages of the present invention
will be illustrated in the following description and part of
them will become apparent through the following description
or be understood through the embodiments of the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and/or additional aspects and advantages of the
present invention will become apparent and easy to be under-
stood through the following description of embodiments in
conjunction with accompanying figures. Wherein,

FIG. 1 is a schematic view of the first type frame structure
of FDD system in the prior art;

FIG. 2 is a schematic view of the second type frame struc-
ture of TDD system in the prior art;

FIG. 3 is a schematic view of PRB and RE in uplink time
slot in the prior art;

FIG. 4 schematically shows the locations of primary broad-
cast channel, secondary synchronization signal and primary
synchronization signal in FDD system according to one
embodiment of the present invention;

FIG. 5 schematically shows the locations of primary broad-
cast channel, secondary synchronization signal and primary
synchronization signal in TDD system in one embodiment of
the present invention;

FIG. 6 is a flowchart of an adaptive modulation and coding
method according to the embodiment 1 of the present inven-
tion;

FIG. 7 is a structural view of an adaptive modulation and
coding system according to the embodiment 1 of the present
invention;

FIG. 8 is a flowchart of an adaptive modulation and coding
method according to the embodiment 2 of the present inven-
tion;

FIG. 9 is a structural view of an adaptive modulation and
coding system according to the embodiment 2 of the present
invention.

DETAILED DESCRIPTION

The embodiments of the present invention will be illus-
trated in detail. The examples of the embodiments are shown
in figures, wherein identical or similar reference numbers
refer to identical or similar features throughout. The follow-
ing embodiments described with reference to figures are
merely examples and are only used to illustrate the present
invention rather than being construed as limiting the present
invention.

The present invention mainly aims to overcome the tech-
nical defect that it is impossible to realize AMC using punc-
tured PRB in the prior art with the adaptive processing and
resources of the existing general subframes through conver-
sion of NodeB and corresponding UE to the number of PRB
pairs without changing the existing { TBS, MCS} tables (such
as table 1 and table 2) and without adding new {TBS, MCS}
tables to the punctured PRB. The specific process is briefly
introduced as follows: firstly when NodeB schedules
resource for UE, if NodeB selects punctured PRB to transmit
downlink data for UE due to quality etc., then it is necessary
for NodeB to covert the number of the normal scheduled PRB
pairs N5 to the number of the punctured PRB pairs N, x5
according to the size of the punctured PRB as compared to the
normal PRB, and to inform the UE of N,_,, 5 and the related
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information of PRB by a scheduling signalling. Wherein, the
related information of PRB includes the specific number of
PRBs and corresponding sequence number which carry this
transmission. Similarly, UE will covert N,_p~ to the number
of the normal PRB pairs according to N,_z 5 and the related
information of PRB in the scheduling signalling so as to look
up the existing {TBS, MCS} table to perform AMC.

It should be further illustrated that, the size of the punc-
tured PRB needs to be considered (size of normal PRB is
already determined) for the conversion between the number
of the normal PRB pairs N, and the number of punctured
PRB pairs N,_pz5, thus the conversion relationship between
the number of the normal PRB pairs N, - and the number of
punctured PRB pairs N, . will vary depending on the size
of punctured PRB. For example, the normal PRB defined in
the protocol contains 120 REs (or contains 10 OFDM sym-
bols). If the punctured PRB contains 5 OFDM symbols, then
N prs=2 Nprz; if the punctured PRB contains 30 REs, then
Np prs=2.5Nprz. Thus, it can be seen that the conversion
relationship between the number of the normal PRB pairs and
the number of the punctured PRB pairs varies with change of
the size of the punctured PRBs. As there are various reasons
for producing punctured PRBs in LTE system, the size of the
punctured PRBs are different as well, therefore the conver-
sion relationship between N, and N, ., cannot be listed
exhaustively. Although the present invention will make an
explanation to the instances for punctured PRB mainly exist-
ing in LTE system in the following embodiments, the present
invention should not be limited to the instances for punctured
PRB listed here, and other instances for punctured PRB
should be covered by the scope of protection of the present
invention. In addition, some simplification may be made dur-
ing conversion, instead of totally depending upon the size
relationship between the punctured PRB and the normal PRB.
And such kind of conversion should also be covered by the
scope of protection of the present invention.

It can be known through the above analysis, the main
concept of the present invention is to perform AMC by using
the existing {TBS, MCS} tables through conversion between
Nz and N,z without designing new {TBS, MCS} tables
necessarily for the punctured PRB. The conversion relation-
ship between Nz and N .- will be different for different
reasons leading to the punctured PRB. Although some main
instances leading to punctured PRB are mentioned in the
embodiments of the present invention and some correspond-
ing conversion methods are proposed, these are only used for
realizing rather than limiting the present invention. There-
fore, the instances for punctured PRB and the corresponding
conversion relationships not mentioned in the present inven-
tion but without departing from the above main concept of the
present invention or based on the above main concept of the
present invention should also be covered by the scope of
protection of the present invention.

In order to further understand the following embodiments
of'the present invention, firstly the instances leading to punc-
tured PRB mainly existing in the current LTE system and the
corresponding size of punctured PRB are generalized. How-
ever, it is necessary to emphasize again that the following
listed situations cannot sum up all instances leading to punc-
tured PRB in the current LTE system, and other instances
leading to punctured PRB are similar to what are listed here.
A person skilled in the art could perform similar processing to
the other punctured instances according to the present inven-
tion, thereby the other punctured instances should also be
covered by the scope of protection of the present invention.
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1. Punctured PRB Caused by the Length of DWPTS

TDD system of the current LTE supports various specific
service subframe configuration, in which DwPTS, Gp and
UpPTS take up 1 ms together. However, in different configu-
ration, the length of DwPTS may be different, and, the pos-
sible length of DWPTS according to the current configuration
includes as follows:

10

for FDD system, its subframe 0 and subframe 5 are specific
service subframes and their PRBs are punctured.

For FDD system, the number of OFDM symbols L, pzz
available in subframe 0 and subframe 5, as well as the number
of OFDM symbols N, » sz corresponding to punctured
PRB after considering the overhead for controlling signalling
and pilot are listed as follows:

TABLE 3 0 TABLE 5
a list for the length of DwPTS under different specific time slot a list of the number of symbols N;,,,5,; P_PRB corresponding to
configuration. punctured PRB in FDD system
CP length DwPTS’s length (the number of OFDM symbols L, »7¢) Number of available
OFDM symbols
Notmal CP 12 11 10 9 3 15 Type LP_PRB Nyymsor, P_PRB
Extended 10 9 8 3
CP normal CP subframe 0 8 4
subframe 5 12 8
extended  subframe O 6 4
According to different configurations of DwPTS’s length cp subframe 5 10 8
in the above table 3, the overhead for controlling signalling 20
and pilot are so considered. The number of OFDM symbols 2) TDD System

Ny mbor,p-pris for punctured PRB pairs is shown in the follow-

ing table:

TABLE 4

a list of the number of symbols for punctured PRB pairs
Number of available

Type OFDM symbols LP_PRB Ngmpor, P_PRB
normal CP 1 12 8
normal CP 2 11 7
normal CP 3 10 6
normal CP 4 9 5
normal CP 5 3 —
extended CP1 10 8
extended CP2 9 7
extended CP3 8 6
extended CP4 3 —

For example, when DwPTS’s length is configured as 12
OFDM symbols in table 3, there will be approximately 8
OFDM symbols available for data transmission after remov-
ing overhead for controlling signalling and pilot, thus
Ny, mpor,p.prs=3- Other instances in table 4 are similar and
redundant descriptions will not be repeated.

2. Punctured PRB Caused by the Influence of Broadcast and
Synchronization Channel

The influences of broadcast and synchronization channel
on FDD system and TDD system are different, which will be
discussed with reference to drawings.

1) FDD System

FIG. 4 schematically shows locations of primary broadcast
channel, secondary synchronization signal and primary syn-
chronization signal in FDD system in one embodiment of the
present invention. In this figure, a normal CP is taken as an
example having a length of 14 OFDM symbols, which is
similar to the extended CP and redundant descriptions will
not be repeated. For 72 sub-carriers (equivalent to 6PRB)
between subframe 0 and subframe 5 in FDD system, the
number of OFDM symbols available for data transmission is
decreased due to the existence of synchronization channel or
primary broadcast channel. For example, if the control chan-
nel takes up 2 symbols of resource, the primary broadcast
channel takes up 4 symbols, secondary synchronization sig-
nal and primary synchronization signal each takes up one
OFDM symbol, then the number of OFDM symbols available
for data transmission in each PRB is 14-2-4-1-1=6. That is,
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FIG. 5 schematically shows locations of primary broadcast
channel, secondary synchronization signal and primary syn-
chronization signal in TDD system in one embodiment of the
present invention. In this figure, a normal CP is also taken as
an example having a length of 14 OFDM symbols. However,
the difference between TDD system and the above FDD
system is in that the primary synchronization signal is not in
subframe 0 and subframe 5 but in DwPTS of subframe 1 and
subframe 6. For TDD system, the number of OFDM symbols
Ly prz available in subframe 0, subframe 5 and subframe 6,
as well as the number of OFDM symbols N7 » pz5 cOr-
responding to punctured PRB after considering the overhead
for controlling signalling and pilot are listed as follows:

TABLE 6
a list of the number of symbols N, P_PREB corresponding
to punctured PRB in TDD system
Number of available
OFDM symbols
Type LP_PRB Nyymsor, P_PRB
normal CP subframe 0 9 5
subframe 5 13 9
subframe 6 13 9
extended subframe 0 7 5
Cp subframe 5 11 9
subframe 6 11 9
3. Punctured PRB caused by Sounding Reference Signaling

(SRS)

If uplink subframe is configured to transmit SRS, the last
OFDM symbol in PRB of PUSCH will be punctured. How-
ever, as only one OFDM symbol is lost in this instance instead
of more OFDM symbols being lost in the above two
instances, redundant descriptions will not be repeated in the
present invention. However, a person skilled in the art could
solve the problem of punctured PRB caused by SRS accord-
ing to the processing to the above two instances proposed by
the present invention.

It can be seen from the above listed instances in which
punctured PRB is produced that, as the punctured PRB will
lost more OFDM symbols which is caused by the influence of
the length configuration of DwPTS as well as the broadcast
and synchronization channel, the system is correspondingly
influenced. Therefore, in one preferred embodiment of the
present invention, the conversion is performed only taking the
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above two instances of producing punctured PRB into con-
sideration for the sake of efficiency. But it should be under-
stood that the solution proposed in the embodiments of the
present invention are also applicable to other instances in
which punctured PRB is produced. As there are many other
instances in which punctured PRB is produced, redundant
descriptions will not be repeated herein.

In one embodiment of the present invention, the punctured
PRB caused by the length configuration of DwPTS as well as
the broadcast and synchronization channel is generalized.
Table 7 can be obtained as follows by combining tables 4, 5,
6 according to the number of symbol of punctured PRB
without considering the difference of pilot overhead caused
by puncturing different symbols.

Number of available
OFDM symbols

LP_PRB
normal Extended RE number
Nymbor,
Type Cp Cp P_PRB NRE P_PRB
1 13 11 9 108
2 12 10 8 96
3 11 9 7 84
4 10 8 6 72
5 9 7 5 60
6 8 6 4 48

According to table 7, under the same MCS condition, the
ratio of the number of normal PRB pairs to the number of
punctured PRB pairs during transmission of some TBS is

N gmbol,P-PRB
10

N Nrgp.pro
120

Nprp

Np prg

This formula is obtained in combination with the provisions
of'the size of the normal PRB in the protocol. As mentioned in
the description on Table 2, the size of the normal PRB pairs is
120 REs or 10 OFDM symbols.

It is only one preferred embodiment of the present inven-
tion to combine tables 4, 5, 6 to obtain the table 7, and to
obtain the conversion relationship between the normal PRB
pairs N5 and the punctured PRB pairs N 5 according to
table 7.

In one embodiment of the present invention, the conversion
relationship between the number of normal PRB pairs and the
number of punctured PRB pairs is determined mainly based
on the size of punctured PRB. The above formula is only one
preferred embodiment of the present invention with the
assumption that the size of the normal PRB pairs is 120 REs
or 10 OFDM symbols. However, the present invention pro-
poses a more universal conversion relationship, which is
determined by the formula of spectrum efficiency

TBS TBS

NpprsXNpppprg  Nere X Nre pro

or

TBS TBS

= k)
Np.pre X Noymporp-pre NPRB X Nsymbot,PRE

wherein TBS is the size of carrying data blocks; N, 5z is the
number of punctured PRB pairs necessary for carrying the
TBS; Nz 5 is the number of normal PRB pairs necessary for
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carrying the TBS; N, ».pr5 15 the number of OFDM
symbols in each pair of punctured PRBs for carrying the TBS;
Ny mbor,prs 18 the number of OFDM symbols in each pair of
normal PRBs for carrying the TBS; Nz »_pz5 is the number
of REs occupied by the punctured PRB; Ny 5z is the num-
ber of REs occupied by the normal PRB. Furthermore,
according to the above formula, the conversion relationship
between the number of normal PRB pairs and the number of
punctured PRB pairs can be determined by the formula of

Nprp N NRE,P—PRB N nymbol,P—PRB

N

p.pre NRE.PRB Noymbol,PrB

Inone embodiment of the present invention, the conversion
relationship between the number of normal PRB pairs and the
number of punctured PRB pairs can also be determined by

Np_praNsymbol,p-PrE
Nppp =| ————888m8™
Neymbol, PRB

wherein | x| means performing a rounding-down operation to
X.

In one embodiment of the present invention, N4, 7z 15
preferably 10, Ny » pp5 is preferably 120 in the above for-
mula. The present invention proposes three solutions of cal-
culation means for N »; » x5 Of Npz p prp-

Solution 1:

Ny uvor,p-rrs Of Nrz p_prs can be obtained by looking up
table 7 according to the number of OFDM symbols available
for punctured PRB pairs.

Solution 2:
Nyymsor,p-prs 15 determined by the formula
symboZ,P—PRB:LsymboZ,P-PRB_kS wherein LsymboZ,P—PRB repre-
sents the number of OFDM symbols available for punctured
PRB pairs, and k is a constant related to the length of CP. In
one embodiment of the present invention, k=4 for normal CP;
and k=2 for extended CP.
Solution 3:

This solution is a way of simplification. If the size of
punctured PRB pairs is smaller than some threshold value,
then the number of symbols of punctured PRB pairs is set to
a predetermined value. For example, if the size of punctured
PRB pairs is smaller than threshold value k,, then it is
defaulted that the number of symbols of punctured PRB pairs
is constantk , wherein k, k, are constant. In one embodiment
of the present invention, it is k,=12, k,=5 for normal CP and
k,=10, k,=5 for extended CP.

Certainly, a person skilled in the art could also find other
formulae according to other principles under the same MCS
conditions or use other similar means to determine the con-
version relationship between the number of normal PRB pairs
and the number of punctured PRB pairs. The specific conver-
sion relationship can be simplified according to the number of
OFDM symbols. For example, if 1 or 2 OFDM symbols are
punctured, then it is processed as a normal PRB; if 3 or 4
OFDM symbols are punctured, then it is processed as the
punctured PRB pairs having 7 OFDM symbols; if 5 or more
OFDM symbols are punctured, then it is processed as punc-
tured PRB pairs having 5 OFDM symbols. Thus it should also
be noticed that there are many ways to determine the conver-
sion relationship between the number of normal PRB pairs
Npr5 and the number of punctured PRB pairs N, _ 5, and the
present invention only proposes a preferred embodiment and
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is not limited to this solution. Other conversion solutions
based on the main concept of the present invention should be
covered by the scope of protection of the present invention.

Embodiment 1

FIG. 6 is a flowchart of an adaptive modulation and coding
method according to embodiment 1 of the present invention,
in which it is only considered that NodeB selects specific
service subframes to transmit downlink data for the UE. As
the instance that NodeB selects general service subframes for
the UE is the same as in the prior art, redundant descriptions
will not be repeated herein. This method includes the follow-
ing steps:

S601, the NodeB selects specific service subframes for the
UE to transmit downlink data based on matters such as trans-
mission quality. The PRB in the specific service subframes is
the punctured PRB and the size of its punctured PRB is
related to the specific service subframes. The specific service
subframes are e.g. subframe 0, subframe 5 in FDD system,
subframe 0, subframe 5 and subframe 6 in TDD system etc.
Furthermore, due to the difference among the specific service
subframes, the sizes of punctured PRBs thereof are different
either. For example, referring to tables 5 and 6, the punctured
PRB in the subframe 0 of FDD system contains 4 OFDM
symbols, and the punctured PRB in the subframe 0 of TDD
system contains 4 OFDM symbols. Certainly, the specific
service subframes in LTE system are not limited to subframe
0, subframe 5 in FDD system and subframe 0, subframe 5 and
subframe 6 in TDD system, but other subframes. For conve-
nience of description, only the above subframes are used as
examples in the following embodiments, and the sizes of their
corresponding punctured PRB may refer to tables 5 and 6.

S602, the NodeB determines the size of TBS and the num-
ber of punctured PRB pairs N, .- to be transmitted based on
the carried service. The way for determining the size of TBS
to be transmitted are different depending upon different car-
ried services.

For VoIP service, as an example, its transmitted TBS has a
constant size and cannot be divided, thus it is required to
determine the size of TBS according to the carried service,
and further to determine the optimum number of normal PRB
pairs N5 based on the size of TBS as well as the channel
quality information. Then, the number of punctured PRB
pairs N, _pz5 is obtained by converting the number of normal
PRB pairs N5 accordingly. Wherein, the conversion rela-
tionship between N,z and N, . canbe determined accord-
ing to the size of punctured PRB, and can also be determined
based on simplification processing, or based on the formula of

N; PRB NRE ,P-PRB N symbol,P-PRB
Npprs 120 10
NP— PRB nymbol, P-PRB
Npgg = | 2o 70

Nsymbol,PRB

as a preferred embodiment of the present invention.
However, for the data service, its entire data for transmis-
sion is huge, thus it needs to be divided according to the TBS
that can be carried in each transmission. The NodeB selects
the size of TBS based on channel quality information and the
schedulable resource. After the NodeB selects the number of
punctured PRB pairs Ny 5z based on the schedulable
resource, the number of punctured PRB pairs N, .5 is con-
verted so as to obtain the number of normal PRB pairs N5
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accordingly. Finally, TBS is obtained by looking up the exist-
ing TBS table according to the number of normal PRB pairs
Npzs-

S603, the NodeB schedules the downlink data for UE
based on the determined size of TBS, and schedules N, .z
punctured PRB pairs for the UE in the scheduling signalling,
and informs the UE of the number of the used punctured PRB
pairs Ny pz5.

S604, the UE receives the downlink data transmitted from
the NodeB, and obtains the MCS sequence number I,
indicated by the schedule signalling and the number of punc-
tured PRB pairs N,_zz in the schedule signalling.

S605, the UE could know from the system information
whether the NodeB transmits downlink data by the specific
service subframes, and thereby the UE performs reverse con-
version on the obtained number of punctured PRB pairs
Nz prs, and determines the corresponding number of normal
PRB pairs Npgz. Similarly, the conversion relationship
between N,z and N, can be determined according to the
size of punctured PRB, and can also be determined based on
simplification processing, or based on the formula of

NPRB NRE,P— PRB nymbol,P— PRB
Nppis 120 10
N P-PRB N, symbol,P-PRB
Npgg = | ——— 2o 78

Neymbol, PRB

as a preferred embodiment of the present invention.

S606, the UE determines the modulation scheme Q,, and
the TBS sequence number [ . ;. (see table 1) based onthe MCS
sequence number I, and then looks up the TBS table to
determine the TBS of downlink data based on the TBS
sequence number ;5. and the converted number of the nor-
mal PRB pairs Nz 5.

In one embodiment of the above the method, when the code
word is mapped to an n-layer spatial multiplexing (n is posi-
tive integer), the number of the punctured PRB pairs and the
number of the normal PRB pairs are multiplied by n. For
example, as to the mode of mapping one code word to a
2-layer spatial multiplexing, the above Ngzp prz or
Noymsorp.rrs @€ replaced by  2*Npppprz  OF
2 *NsymboZ,P-PRB'

FIG. 7 is a structural view of an adaptive modulation and
coding system according to one embodiment of the present
invention. The system includes a NodeB 100 and at least one
UE 200 being served by this NodeB 100. The NodeB 100
selects specific service subframes, in which the physical
block PRB is the punctured PRB, for the UE 200 to transmit
downlink data, and schedules the downlink data for the UE
200 based on the determined TBS, and then transmits the
number of the used punctured PRB pairs and a MCS sequence
number to the UE 200; the UE 200 is used for receiving the
downlink data transmitted by the NodeB 100 and the number
of the used punctured PRB pairs and the MCS sequence
number transmitted by the NodeB, and converting the
received number of the punctured PRB pairs to the number of
normal PRB pairs, as well as determining the modulation and
coding scheme MCS based on the number of the normal PRB
pairs and the MCS sequence number.

In one embodiment of the present invention, the NodeB
100 comprises a selection module 110, a scheduling param-
eter determination module 120, and a scheduling module 130.
The selection module 110 is used for selecting specific ser-
vice subframes, in which the physical block PRB is the punc-
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tured PRB, for the UE 200 to transmit the downlink data. The
scheduling parameter determination module 120 is used for
determining the Transport Block Size TBS and the number of
punctured PRB pairs for transmission to the UE 200 based on
the carried service. The scheduling module 130 is used for
scheduling the downlink data for the UE 200 based on the
determined TBS, and then transmitting the number of the
used punctured PRB pairs and a MCS sequence number to the
UE 200.

In one embodiment of the present invention, the scheduling
parameter determination module 120 includes a service
judgement submodule 121, a conversion submodule 122, a
TBS determination submodule 123 and a control submodule
124. The service judgement submodule 121 is used for judg-
ing the carried service is VoIP service or data service. The
conversion submodule 122 is used for realizing the conver-
sion between the number of the normal PRB pairs to the
number of punctured PRB pairs. The TBS determination
submodule 123 is used for determining the TBS based on the
carried service upon the service judgement submodule 121
judged the carried service as VoIP service, and based on the
number of the normal PRB pairs converted by the conversion
submodule 122 upon the service judgement submodule 121
judged the carried service as data service. The control sub-
module 124 is used for firstly determining the TBS based on
the carried service by the TBS determination submodule 123
upon the service judgement submodule 121 has judged the
carried service as VoIP service, and determining the number
of'the normal PRB pairs based on the TBS determined by the
TBS determination submodule 123 and channel quality infor-
mation, and then obtaining the number of punctured PRB
pairs by converting the number of the normal PRB pairs by
the conversion submodule 122. Furthermore, the control sub-
module is also used for firstly determining the number of the
punctured PRB pairs based on the schedulable resource upon
the service judgement submodule 121 has judged the carried
service as data service, and obtaining the number of normal
PRB pairs by converting the number of punctured PRB pairs
by the conversion module 122, and then obtaining TBS by
looking up tables with the TBS module 123 according to the
number of normal PRB pairs.

In one embodiment of the present invention, the conversion
module 122 determines the conversion relationship between
the number of normal PRB pairs and the number of punctured
PRB pairs according to the size of punctured PRB or the
simplification processing. In the above embodiment, the con-
version module 122 determines the conversion relationship
between the number of normal PRB pairs and the number of
punctured PRB pairs based on the formula of

N PRB NRE ,P-PRB N symbol,P-PRB
Npprs 120 10
NP— PRB nymbol, P-PRB
Npgg = | —— 2o 2P0

Noymbol,PRB

wherein N .5 is the number of punctured PRB pairs, N5
is the number of normal PRB pairs, N,,,,;..; ».»z5 represents
the number of orthogonal frequency division multiplexing
OFDM symbols occupied by punctured PRB, and Nz 5 pr5
represents the number of REs occupied by punctured PRB.
In the above embodiment, the NodeB 100 further includes
a multiplexing module 140 for multiplying the number of
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punctured PRB pairs and the number of normal PRB pairs by
n (n is positive integer) when the code word is mapped to an
n-layer spatial multiplexing.

In one embodiment of the present invention, the UE 200
comprises a reception module 210, an indication information
obtaining module 220, a conversion module 230 and a TBS
determination module 240. The reception module 210 is used
for receiving the downlink data transmitted through specific
service subframes by the NodeB 100. The indication infor-
mation obtaining module 220 is used for obtaining the num-
ber of the punctured PRB pairs and the MCS sequence num-
ber indicated by the scheduling signalling. The conversion
module 230 is used for converting the number of the punc-
tured PRB pairs to the number of normal PRB pairs. The TBS
determination module 240 is used for determining the TBS of
the downlink data based on the number of the normal PRB
pairs converted by the conversion module and the MCS
sequence number obtained by the indication information
obtaining module.

In one embodiment of the present invention, The TBS
determination module 240 includes a table save submodule
241 and a looking-up-table submodule 242. The table save
submodule 241 is used for saving the list of the modulation
scheme corresponding to the MCS sequence number and the
list of the TBS sequence number as well as TBS tables, such
as the above tables 1 and 2. The looking-up-table submodule
242 is used for determining the modulation scheme and TBS
sequence number according to the MCS sequence number
obtained by the indication information obtaining module 220,
and then determining the TBS of the downlink data based on
the number of the normal PRB pairs converted by the conver-
sion module 230 and the TBS sequence number.

Inone embodiment of the present invention, the conversion
module 230 determines the conversion relationship between
the number of normal PRB pairs and the number of punctured
PRB pairs according to the size of punctured PRB or the
simplification processing.

In the above embodiment, the conversion module 230
determines the conversion relationship between the number
of' normal PRB pairs and the number of punctured PRB pairs
based on the formula of

Npra N N RE,P-PRB N symbol,P-PRB
Np.pra 120 10
Np_preNsymbol,p-prs
Npgp =| ———

Neymbol, PRB

wherein N,_p.z is the number of punctured PRB pairs, N,z
is the number of normal PRB pairs, N,,.;..; »»zs represents
the number of OFDM symbols occupied by the punctured
PRB, Nz p. pz5 represents the number of REs occupied by
the punctured PRB. In the above embodiments of the UE and
the NodeB, the conversion relationship between the number
of' normal PRB pairs and the number of punctured PRB pairs
is similar to the conversion relationship in the above embodi-
ments, and redundant descriptions will not be repeated.

The specific condition when downlink data are transmitted
with punctured PRBs may be performed in the present inven-
tion on the basis of utilizing the existing resources and adap-
tive processing of the general subframes by performing con-
version between the number of punctured PRBs and the
number of normal PRBs in scheduling resource for the UE
with the NodeB, which may be implemented simply and
efficiently.
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The above embodiments are all the embodiments for the
instances of transmitting downlink data with punctured
PRBs, but there are also instances of transmitting downlink
data with both normal and punctured PRBs by NodeB. Based
on the above, the present invention also proposes an adaptive
modulation and coding method and apparatus when downlink
data are transmitted with both normal and punctured PRBs.

Embodiment 2

FIG. 8 is a flowchart of an adaptive modulation and coding
method according to the embodiment 2 of the present inven-
tion, and the method includes the following steps:

S801 The NodeB selects punctured PRB and normal PRB
for the UE to transmit downlink data. In one embodiment of
the present invention, each normal PRB pair contains 120
REs for carrying data, wherein 120 REs are equivalent to 10
OFDM symbols. Punctured PRB may be caused by the influ-
ences of DwPTS’s length configuration or broadcast and
synchronization channel. As described in the above embodi-
ment, the number of OFDM symbols or REs are different in
punctured PRBs caused by different influences, redundant
descriptions will not be repeated.

S802, the NodeB determines the TBS and the number of
total PRB pairs to be transmitted to UE based on the carried
service. The number of total PRB pairs is the summation of
the number of the scheduled normal PRB pairs and the num-
ber of the scheduled punctured PRB pairs. The way for deter-
mining the size of TBS to be transmitted are different depend-
ing upon different carried services.

For the service having a constant size of data packet (such
as VoIP service), as an example, the size of transmitted TBS is
fixed and cannot be divided, thus it is required to determine
the size of TBS according to the carried service, and further to
determine the specific number of PRB pairs N, - for carrying
this data block according to the size of TBS as well as the
channel quality information. Then the NodeB selects normal
PRB and punctured PRB for the UE to transmit downlink data
according to the schedulable resource, namely the NodeB
schedules a part of normal PRB (N, ) for the UE, and also
schedules a part of punctured PRB for the UE in which there
may be various PRB pairs having different granularities. For
example, punctured PRB caused by the influence of broad-
cast- and synchronization channel and/or punctured PRB
caused by the influence of DwPTS’s length, or other punc-
tured PRB may be used. Wherein, the number of punctured
PRB pairs should be obtained by conversion, for example, for
punctured PRB caused by the influence of DwPTS’s length,
based on Ny s~ [NprsX 10N, 00 2 prs] or
Ne_prs=[Nprsx120/Ng g o prg |, Wherein Ny 5 is the number
of' normal PRB pairs (except for the scheduled part of normal
PRB (Npg5,) for the UE), N, x5 is the number of converted
punctured PRB pairs, N ,,.,..; »_pr s tepresents the number of
OFDM symbols occupied by punctured PRB, Ny oz rep-
resents the number of RE occupied by punctured PRB. The
number of the total PRB pairs is the summation of the sched-
uled part of normal PRB (N, ) for the UE and the number
of converted punctured PRB pairs Np_zz.

However, for the service having an unfixed size of data
packet (such as data service), its entire data for transmission
is huge, thus it needs to be divided according to the TBS that
can be carried in each transmission. The NodeB selects the
size of TBS based on channel quality information and the
schedulable resource. Firstly, after the NodeB selects the
number of scheduled normal PRB pairs and the number of
punctured PRB pairs based on the schedulable resource, the
NodeB calculates number of the total PRB pairs as the sum-

10

20

30

40

45

50

55

18

mation of the normal PRB pairs and the number of punctured
PRB pairs assuming that the NodeB schedules N, normal
PRB pairs for the UE and schedules N,_pz- punctured PRB
pairs for the UE at the same time. The NodeB obtains the
number of normal PRB pairs N . by converting the number
of'punctured PRB pairs, and then looks up the table according
to the sum of N5, and N5 to obtain TBS and schedules a
data packet with a size of TBS to to be transmitted on deter-
mined PRB. Specifically, the conversion relationship
between the normal PRB pairs and the punctured PRB pairs
can be determined according to the size of punctured PRB.
For example, it can be calculated based on the formula of
Il\IzPORJB:LNP-PRBXNsymoZ,P-PRB/ 10J or LNP—PRB:NRE,P—PRB/

S803, the NodeB schedules the downlink data for UE
based on the determined TBS, and sends the number of the
totally used PRB pairs, location information and the related
system information to UE.

S804, the UE calculates the number of the total resource
according to the number of the total PRB pairs, location
information and the situation of respective punctured PRBs.
In particular, UE may know which PRB is punctured PRB and
which PRB is normal PRB in the number of the total PRB
pairs according to location information, and could calculate
the number of total resource quantity according to the situa-
tion of respective punctured PRBs. In one embodiment of the
present invention, one code word is scheduled to be carried on
various PRB pairs having different granularities resources,
that is, various punctured PRBs are scheduled for the UE, in
this way the total resource quantity can be calculated with the
formula of

ZR;XN;,
i

wherein Ri is resource granularity of each kind of PRB, Ni is
the number of each kind of PRB, i=1, . . . n, nis the number of
total PRB pairs, namely for normal PRB, Ri is 120 REs or 10
OFDM symbols; for punctured PRB, Riis variable, i.e., as the
above the, Ri will vary according to the different influences
leading to punctured PRB.

In one embodiment of the present invention, for the sake of
simplification, the resource with the minimum resource
granularity may be determined in PRB resources having vari-
ous granularities, and the number of total resource may be
converted according to the instance of minimum PRB. For
example, the number of total resource can be obtained
according to the formula R,,;, XNz -, wherein R, is the
resource granularity of PRB having the minimum granularity,
Ngrs 1s the number of the total PRB pairs. Although the
preciseness is sacrificed in this way, the calculation is simpli-
fied greatly. It can be seen from the above description that the
number of total resource can be calculated with various
means without departing from the concept of the present
invention, and other similar methods should also fall in the
scope of protection of the present invention.

S805 The UE calculates the number of normal PRB pairs
after conversion according to the number of total resource,
and determines the TBS of downlink data based on the cal-
culated number of normal PRB pairs after conversion and the
TBS sequence number based on the MCS sequence number.
In particular, in one embodiment of the present invention, if
the number of total resource is

min
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ZR; X Nj,
i

then the number of normal PRB pairs after conversion may be

ZR;XN;
i

Ro

Nprs =l

5

wherein R, is the resource number of general PRB pairs, and
the corresponding LTE system can be considered to have 12
OFDM symbols or 120 REs, N',z; is the number of normal
PRB pairs after conversion, |x | means performing a round-
ing-down operation to x. Then the TBS of downlink data is
determined by looking up MCS table based on the number of
normal PRB pairs after conversion. In one embodiment of the
present invention, in order to avoid the value of N' .5 1 to be
0, the number of normal PRB pairs after conversion may also
be

ZR;XN;
Npgg = max: L2

Ro

}_

In the simplification processing in the above embodiment,
the number of normal PRB pairs after conversion may also be

Nonin X Nprp J},

Npgg = max{l - [ 7o

wherein R, is the resource quantity of PRB having the
minimum granularity, N, is the number of the total PRB
pairs, N'z, 5 s the number of normal PRB pairs after conver-
sion, | x| means performing a rounding-down operation to x.

Of course in the embodiments of the present invention, the
number of normal PRB pairs after conversion may also be
calculated with other means, e.g., with the formula
Np+N'zz5, wherein Np is the number of normal PRB pairs
(i.e., Npgz, in the above embodiment),

|

Ri is the resource granularity of punctured PRB, and Ni is the
number of punctured PRB.

Certainly, the above examples on how to calculate the
number of normal PRB pairs after conversion are only
embodiments of the present invention, and a person skilled in
the art could perform equivalent calculations according to the
above embodiments of the present invention. These equiva-
lent calculations based on the identical inventive concept
should be covered by the scope of protection of the present
invention.

FIG. 9 is a structural view of an adaptive modulation and
coding system according to one embodiment of the present
invention. The system includes a NodeB 800 and at least one
UE 900 being served by this NodeB 800. The NodeB 800

ZR;XN;
Npgg = max: Lz

Ro
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selects normal PRB and punctured PRB to transmit the down-
link data for the UE 900, and determines the TBS and the
number of total PRB pairs for transmission to the UE 900
based on the carried service, in which the number oftotal PRB
pairs is the summation of the number of the scheduled normal
PRB pairs and the number of the scheduled punctured PRB
pairs, and schedules the downlink data for the UE 900 based
on the determined TBS, and transmits the number of the total
used PRB pairs and a MCS sequence number to the UE 900.
The UE 900 is used for calculating the number of total
resource based on the number of the total PRB pairs and
situation of respective punctured PRBs, and calculating the
number normal PRB pairs after conversion based on the total
resource quantity, and determining the TBS of the downlink
data based on the calculated number of the normal PRB pairs
after conversion and the TBS sequence number determined
by the MCS sequence number.

Wherein, the NodeB 800 comprises a selection module
810, a scheduling parameter determination module 820, and
a scheduling module 830. The selection module 810 is used
for selecting punctured PRB and normal PRB for the UE 900
to transmit the downlink data. The scheduling parameter
determination module 820 is used for determining the Trans-
port Block Size TBS and the number of'the total PRB pairs for
transmission to the UE 900 based on the carried service. The
number of the total PRB pairs is the summation of the number
of the scheduled normal PRB pairs and the number of the
scheduled punctured PRB pairs. The scheduling module 830
is used for scheduling to transmit the downlink data for the
UE 900 based on the determined TBS, and then transmitting
the number of the total used PRB pairs and the MCS sequence
number to the UE 900.

Ifthe service carried by the NodeB 800 is VoIP service, the
scheduling parameter determination module 820 determines
the TBS based on the VoIP service, and determines the num-
ber of normal PRB pairs based on the determined TBS and
channel quality information, and selects normal PRB and
punctured PRB for the UE 900 to transmit the downlink data
according to the schedulable resource, and calculates the
number of punctured PRB pairs as well as the number of the
total PRB pairs, wherein the number of punctured PRB pairs
is obtained by converting the number of normal PRB pairs.

Ifthe service carried by the NodeB 800 is data service, the
scheduling parameter determination module 820 determines
the number of scheduled normal PRB pairs and the number of
punctured PRB pairs according to the schedulable resource,
and calculates the number of the total PRB pairs as a summa-
tion of the number of normal PRB pairs and the number of
punctured PRB pairs, and obtains the number of normal PRB
pairs after conversion by converting the number of punctured
PRB pairs. And TBS is obtained by looking up tables accord-
ing to the number of normal PRB pairs and the number of
normal PRB pairs after conversion.

Inone embodiment of the present invention, the conversion
relationship between the number of normal PRB pairs and the
number of punctured PRB pairs is determined according to
the size of punctured PRB.

In the above the embodiment, the UE 900 comprises a
reception module 910, an indication information obtaining
module 920, a normal PRB pair-number calculation module
930 and a TBS determination module 940. The reception
module 910 is used for receiving the downlink data transmit-
ted through the punctured and normal PRBs by the NodeB
800. The indication information obtaining module 920 is used
for acquiring the MCS sequence number and the number of
the total PRB pairs indicated by the scheduling signalling,
wherein the number of the total PRB pairs is the summation of
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the number of the scheduled normal PRB pairs and the num-
ber of the punctured PRB pairs. The normal PRB pair-number
calculation module 930 is used for calculating the total
resource quantity based on the number of the total PRB pairs
and the situation of respective punctured PRBs, and calculat-
ing the number of the normal PRB pairs after conversion
based on the total resource quantity. The TBS determination
module 940 is used for determining the TBS of the downlink
data based on the calculated number of the normal PRB pairs
after conversion and the TBS sequence number determined
by the MCS sequence number.

In one embodiment of the present invention, the normal
PRB pair-number calculation module 930 determines the
number of total resource with the formula of

ZR;XN;,
i

wherein Ri is resource granularity of each kind of PRB, Ni is
the number of each kind of PRB. Then the number of normal
PRB pairs after conversion may be calculated with the for-
mula of

ZR;XN;
Npgg = iRo or
ZR;XN;
Npgg =maxq 1, [ 7 s
Ro

wherein N',. - is the number of normal PRB pairs after con-
version, | x| means performing a rounding-down operation to
X.

In another embodiment of the present invention, the normal
PRB pair-number calculation module 930 determines the
number of total resource with the formula R, XNpzz,
wherein R, is the resource quantity of PRB having the
minimum granularity, N, is the number of the total PRB
pairs; then the number of normal PRB pairs after conversion
is calculated with the formula

Runin X Nprs J}

Npgg = max{l, [ 7o

wherein R, is the resource quantity of PRB having the
minimum granularity, N~ is the number of the total PRB
pairs.

In another embodiment of the present invention, the normal
PRB pair-number calculation module 930 determines the
number of normal PRB pairs after conversion with the for-
mula Np+N',z5, wherein Np is the number of normal PRB

pairs,

Ri is the resource granularity of punctured PRB, and Ni is the
number of punctured PRB.

ZR;XN;
Npgg =maxq 1, [ 7
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The specific condition when downlink data are transmitted
completely for partly with punctured PRBs may be per-
formed in the present invention on the basis of utilizing the
existing resources and adaptive processing of the general
subframes by performing the present invention, which may be
implemented simply and efficiently.

Although the embodiments of the present invention have
been shown and described in the above, a person skilled in the
art could subject these embodiments to various variations,
modifications, substitutions and transformations without
departing from the principle and spirit of the present inven-
tion, and the scope of protection of the present invention is
defined by the appended claims and equivalents thereof.

The invention claimed is:

1. An adaptive modulation and coding method, compris-
ing:

selecting by a base station NodeB, special subframes for

transmitting downlink data to user equipment UE,
Physical Resource Blocks PRBs in the special sub-
frames being punctured PRBs;

scheduling and transmitting by the NodeB;

scheduling the downlink data based on a determined Trans-

port Block Size TBS;
transmitting a first number representing quantity of the
used punctured PRB pairs, and a Modulation and Cod-
ing Scheme MCS sequence number to the UE;

converting by the UE the first number of the punctured
PRB pairs to a second number representing quantity of
normal PRB pairs;

determining by the UE, a modulation scheme and a TBS

sequence number based on the MCS sequence number;
and

determining by the UE, the TBS of the downlink data based

on the second number of the normal PRB pairs and the
TBS sequence number.

2. The adaptive modulation and coding method of claim 1,
wherein the NodeB determines the TBS and the first number
of'punctured PRB pairs for transmission to the UE based on a
carried service.

3. The adaptive modulation and coding method as in claim
1, wherein when a service carried by the NodeB is VoIP
service, determining the Transport Block Size TBS and the
first number of punctured PRB pairs for transmission to the
UE further comprises:

determining by the NodeB, the TBS based on the carried

service;

determining by the NodeB, the second number of the nor-

mal PRB pairs based on the determined TBS and chan-
nel quality information; and

obtaining by the NodeB, the first number of the punctured

PRB pairs by converting the second number of the nor-
mal PRB pairs.
4. The adaptive modulation and coding method as in claim
1, wherein when a service carried by the NodeB is a data
service, determining the Transport Block Size TBS and the
first number of punctured PRB pairs for transmission to the
UE further comprises:
determining by the NodeB, the first number of the punc-
tured PRB pairs based on a schedulable resource;

determining by the NodeB, obtains the second number of
the normal PRB pairs by converting the first number of
the punctured PRB pairs; and

obtaining by the NodeB, the TBS by looking up tables

according to the second number of the normal PRB
pairs.

5. The adaptive modulation and coding method as in claim
1, wherein the converting relationship between the second
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number of the normal PRB pairs and the first number of the
punctured PRB pairs is determined based on a size of the
punctured PRB.

6. The adaptive modulation and coding method as in claim
5, wherein the converting relationship between the second
number of the normal PRB pairs and the first number of the
punctured PRB pairs is determined based on the size of the
punctured PRB, that is:

based on a spectrum efficiency formula of

TBS TBS

Np_pr X Nrgp-rr Nprre X NRE,prs

or

TBS TBS

= k)
Np_pre X Noympot,p-PRB~ INPRB X Nsymbol,PRB

wherein the TBS is the Transport Block Size; N 5z is the
first number of the punctured PRB pairs for carrying the TBS,
Ny mbor,p-pri 18 second number of the normal PRB pairs for
carrying the TBS; N, ».pr is a third number represent-
ing quantity of Orthogonal Frequency Division Multiplexing
OFDM symbols in each pair of the punctured PRB for carry-
ing the TBS, N,/ 7z5 15 @ fourth number representing
quantity of Orthogonal Frequency Division Multiplexing
OFDM symbols in each pair of the normal PRB for carrying
the TBS; Nzz p_pz5 is a fifth number representing quantity of
minimum REs determined by a time domain OFDM symbol
and a frequency domain subcarrier occupied by the punctured
PRB, Nz pr5 is a sixth number representing quantity of REs
occupied by the normal PRB.

7. The adaptive modulation and coding method as in claim
6, wherein the converting relationship between the second
number of the normal PRB pairs and the first number of the
punctured PRB pairs is determined based on the formula of

Nprp NREP-PRB Nsymbol,P-PRB

Np_prp NRE,PrB Nsymbol,PRB

8. The adaptive modulation and coding method as in claim
5, wherein the converting relationship between the second
number of the normal PRB pairs and the first number of the
punctured PRB pairs is determined based on a formula of

Np_preNsymbol,p-PRB
Nppp = | ————88
Noymbol, PRB

wherein N,_,z is the first number of the punctured PRB pairs
for carrying the TBS; N,z is the second number of the
normal PRB pairs for carrying the TBS; N,,,,;.,7 . 7z 15 the
third number of Orthogonal Frequency Division Multiplex-
ing OFDM symbols in each pair of the punctured PRB for
carrying the TBS; and

Np_pre Nsymbol,p-PRB
Noymbol,PRB
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is an INT operation for values calculated based on

Np_preNsymbol,p-PRB
Nymbot,PRB

9. The adaptive modulation and coding method as in claim
7, wherein the N ymborp-rrs O Nez p.rrs is obtained by look-
ing up the following table according to the quantity of OFDM
symbols available for the punctured PRB pairs:

Quantity of OFDM
symbols available
for the punctured
PRB pairs
normal extended
Type CP CP Ngmpor, P-PRB NRE P_PRB
1 13 11 9 108
2 12 10 8 96
3 11 9 7 84
4 10 8 6 72
5 9 7 5 60
6 8 6 4 48

10. The adaptive modulation and coding method as in
claim 7, whereinthe N, ;. » pr5 15 determined based on the
formula of Nsym bot,p-PRE=Lisymbor,p-rr s—K, wherein Lsym bol,P-
pPrp represents a seventh number representing quantity of
OFDM symbols available for the punctured PRB pairs, k is a
constant related to the length of the CP.
11. The adaptive modulation and coding method as in
claim 10, wherein for the normal CP, k=4, and for the
extended CP, k=2.
12. The adaptive modulation and coding method as in
claim 7, wherein the N, ,,,;,,; » 2z 5 15 Obtained as follows:
if the size of the punctured PRB pairs is smaller than a
threshold value k,, then it is defaulted that the third
number of OFDM symbols of the punctured PRB pairs
for carrying the TBS is a constant k,, wherein k,, k, are
constants.
13. The adaptive modulation and coding method as in
claim 1, wherein when a code word is mapped to an n-layer
spatial multiplexing, n being a positive integer, the first num-
ber of the punctured PRB pairs and the second number of the
normal PRB pairs are multiplied by n.
14. An adaptive modulation and coding method, compris-
ing:
receiving by a UE, downlink data transmitted from a
NodeB by special subframes;

obtaining a first number representing quality of punctured
PRB pairs and a Modulation and Coding Scheme MCS
sequence number indicated by a scheduling signalling;

converting the first number of the punctured PRB pairs to a

second number representing quantity of normal PRB
pairs;
determining a modulation scheme and a TBS sequence
number based on the MCS sequence number, and

determining a TBS of the downlink data based on the
second number of the normal PRB pairs and the TBS
sequence number.

15. The adaptive modulation and coding method as in
claim 14, wherein the converting relationship between the
second number of the normal PRB pairs and the first number
of the punctured PRB pairs is determined based on a size of
the punctured PRB.

16. The adaptive modulation and coding method as in
claim 15, wherein the converting relationship between the
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second number of the normal PRB pairs and the first number
of'the punctured PRB pairs is determined based on the size of
the punctured PRB, that is:
based on a spectrum efficiency formula of

TBS TBS
R or
Np_prg X Nge,p-pre Nprg X NRE,PRE
TBS TBS

= k)
Np_prp X Nympo,p-PrRB NPRB X Nsymbol,PRB

wherein the TBS is the Transport Block Size; N 5z is the
first number of the punctured PRB pairs for carrying the TBS,
Npgs 18 the second number of the normal PRB pairs for
carrying the TBS; N, ».pr is a third number represent-
ing quantity of Orthogonal Frequency Division Multiplexing
OFDM symbols in each pair of the punctured PRB for carry-
ing the TBS, N,/ 7z5 15 @ fourth number representing
quantity of Orthogonal Frequency Division Multiplexing
OFDM symbols in each pair of the normal PRB for carrying
the TBS; Nzz p_pz5 is a fifth number representing quantity of
minimum REs determined by a time domain OFDM symbol
and a frequency domain subcarrier occupied by the punctured
PRB, Ngg pr5 is a sixth number representing quantity of REs
occupied by the normal PRB.

17. The adaptive modulation and coding method as in
claim 15, wherein the conversion relationship between the
second number of the normal PRB pairs and the first number
of the punctured PRB pairs is determined

based on a formula of

Np_preNsymbol,p-PRB
Npgg = | L PRE Yoymbol,P-PRE
Noymbol, PRB

wherein N,_,. is the first number of the punctured PRB pairs
for carrying the TBS; N,z is the second number of the
normal PRB pairs for carrying the TBS; N,,,,;.,7 o px5 15 the
third number of Orthogonal Frequency Division Multiplex-
ing OFDM symbols in each pair of the punctured PRB for
carrying the TBS; and

Np_preNsymbol,p-PRB
Noymbol,PRB

is an INT operation for values calculated based on

Np_preNsymbol,p-PRB
Nymbol,PRB

18. The adaptive modulation and coding method as in
claim 16, wherein the N, ,,,;,.; »_»r5 15 obtained as follows:
if the size of the punctured PRB pairs is smaller than a
threshold value k,, then it is defaulted that the third
number of OFDM symbols of the punctured PRB pairs
for carrying the TBS is a constant k,, wherein k, k; are
constants.
19. The adaptive modulation and coding method as in
claim 14, wherein when a code word is mapped to an n-layer
spatial multiplexing, n being a positive integer, the first num-
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ber of the punctured PRB pairs and the second number of the
normal PRB pairs are multiplied by n.

20. A UE comprising:

a reception module;

an indication information obtaining module;

a conversion module;

a TBS determination module, wherein the reception mod-
ule is used for receiving the downlink data transmitted
through special subframes from a NodeB, the indication
information obtaining module is used for obtaining a
first number representing quantity of the punctured PRB
pairs and a MCS sequence number indicated by a sched-
uling signaling, the conversion module is used for con-
verting the first number of the punctured PRB pairs to a
second number representing quantity of normal PRB
pairs, and the TBS determination module is used for
determining a modulation scheme and a TBS sequence
number based on the MCS sequence number, and deter-
mining a TBS of the downlink data based on the second
number of the normal PRB pairs converted by the con-
version module and the TBS sequence number.

21. The UE as in claim 20, wherein the TBS determination
module includes a table saving submodule and a looking-up-
table submodule, wherein

the table saving submodule is used for saving the modula-
tion scheme corresponding to the MCS sequence num-
berand alist of the TBS sequence number as well as TBS
tables, and

the looking-up-table submodule is used for determining
the modulation scheme and the TBS sequence number
according to the MCS sequence number obtained by the
indication information obtaining module, and then
determining the TBS of the downlink data of the MCS
based on the second number of the normal PRB pairs
converted by the conversion module and the TBS
sequence number.

22. The UE as in claim 21, wherein the conversion rela-
tionship between the second number of the normal PRB pairs
and the first number of the punctured PRB pairs is determined
by the conversion module

based on a formula of

Np_prNsymbol,P-PRB
Nprg = TN
symbol, PRB

wherein N,_p, 5 is the first number of the punctured PRB pairs
for carrying the TBS; N5 is the second number of the
normal PRB pairs for carrying the TBS; N, 5. 2z5 15 @
third number representing quantity of Orthogonal Frequency
Division Multiplexing OFDM symbols in each pair of the
punctured PRB for carrying the TBS; and

Np_pre Nsympol,P-PRB

Nymbol,PRB

is an INT operation for values calculated based on

Np_preNsymbol,p-PRB
Nymbot,PRB



